The Young Child Is Uniquely Vulnerable to Neurologic Injury After AHT The rapid growth, cell differentiation, and synaptogenesis of the developing brain increase a child's vulnerability to permanent neurologic injuries after trauma. The biomechanics of the young child's head and neck, 23 including a large head with relatively poor cervical muscular control and lax ligaments, 24 elevate the risk profile. In swine models of brain injury from rapid rotation, both neonatal and juvenile pigs exhibited subarachnoid hemorrhages and diffuse axonal injury. 25 However, the axonal injuries were more severe in younger pigs than in older pigs and the intracranial hemorrhages took longer to resolve. 26 A rapidly progressing form of brain atrophy has been described in young victims of AHT, but the exact etiology is unclear. Multifocal leukoencephalopathy or multicystic encephalopathy, 19 which has also been coined "the big black brain," 27 occurs from synergistic injuries in the developing brain. This phenomenon appears limited to infants and children younger than 5 years and is independent of vessel occlusion. The atrophic regions are often supratentorial, span from the frontal to the occipital pole, and cross vascular territories. The loss of gray-white matter differentiation occurs unilaterally or bilaterally ( Fig. 1 ). 27 Complex interactions between subdural hematomas, diffuse axonal injury, hypoxia-ischemia, injury to the cervicomedullary junction, cerebral edema, seizures, and hypotension in the developing brain may be responsible for this tragic disease process.
Anesthetic Considerations for Patients with AHT
The treatment of AHT as an entity separate from nonintentional TBI has not been well studied. Anecdotal evidence suggests that some clinicians are less aggressive when treating children with AHT because they assume the prognosis will be poor. We argue that clinicians should be more aggressive in treating these children to improve their chances for survival. For reasons previously discussed, investigations into whether children with AHT should be treated differently from those with nonintentional TBI are urgently warranted.
The anesthesiologist should consider a few specific steps that are unique to suspected abuse situations. Abused children may have orofacial injuries with bleeding in the mouth if a perpetrator forced an object into the child's mouth, such as a bottle or eating utensil, or from a directed injury. 28 Although frenulum injuries 3 are not conclusive of abuse, the anesthesiologist should conduct an evaluation of the oral cavity and document such injuries before intubation. An ophthalmology evaluation for retinal hemorrhages is helpful but not required preoperatively. The anesthesiologist should be aware if the patient received unilateral or bilateral mydriatic eye drops to dilate the pupils.
Anesthesiologists and other clinicians in the operating room have the opportunity to conduct a full-skin examination. They may also be the first to see the child fully undressed. Bruises and other traumatic skin lesions evolve with time and may only become apparent as time progresses from the injury. Specific patterns within skin injuries should raise the clinician's suspicion for abuse, including hand "slap" patterns in bruises and petechiae; lines or patterns from wires, belts, buckles, cables, or cords; bruises of different ages; and bruised or "boxed" ears ( Fig. 2) . 29, 30 These injuries must be clearly documented in the medical record. To simplify documentation and if it is difficult to enter the examination findings into the electronic medical record, the anesthesiologist could draw an outline of a body on paper and mark on the picture where the child's injuries are located. The injuries should be described by size and location using simple terminology, for example "2 bruises, each larger than a quarter, on the right, lower back." It is critical to document these injuries before surgery so the skin lesions cannot be blamed on events that occur in the operating room, such as pressure points from positioning or factors related to the surgery. Injuries to the anal and genital area 31 must be documented before Foley catheter insertion. Postoperative surgical bandages and casts will interfere with future skin examinations. Moreover, it will take time for a child protection team or other investigative authority to evaluate the child, and the clarity of the skin or genital lesions may disappear. If documentation is conducted on paper, the anesthesiologist must ensure that the information is scanned into the electronic medical record for review by the child protection team and investigative authorities.
The current recommendations for AHT are to follow the clinical guidelines for pediatric TBI, which were updated in 2012 32 (Table 1 ). In a study on the 2003 severe pediatric TBI treatment guidelines, adherence to the guidelines during the first 72 hours of hospital admission was associated with a favorable neurologic outcome and survival to hospital discharge. Approximately 25% of TBI cases in this study were from AHT, and the patients were on average 8 years old (SD, 6.3). 33 Few studies specifically focus on severe TBI from AHT in young patients. This may be due to study enrollment criteria that require intracranial pressure (ICP) monitoring and the reluctance of some neurosurgeons to place ICP monitors in infants with incompletely ossified craniums. Nonetheless, the anesthesiologist should consider the predominance of infants and young children who suffer AHT when following the treatment guidelines.
The anesthetic treatment of a child with AHT initially focuses on securing the airway with in-line stabilization of the cervical spine and minimizing secondary brain injury by preventing hypoxia, avoiding hypotension, maintaining normothermia, and treating seizures. Hyperthermia must be strictly avoided. Prophylactic hyperventilation is not recommended, and normocarbia should be maintained with Paco 2 >30 mm Hg, particularly during the first 48 hours after injury. 32, 34 Hyperventilation should be reserved only for patients with refractory intracranial hypertension. Acute hyperventilation with a decrease in the Paco 2 induces cerebral vasoconstriction, decreases the intracranial cerebral blood volume, and subsequently lowers the ICP. Prolonged or severe hyperventilation induces cerebral vasoconstriction that risks cerebral ischemia. The Figure 1 . Example of widespread hemispheric damage in a 2-year-old girl with abusive head trauma and an acute right subdural hematoma. The hematoma was surgically evacuated, and a hemicraniectomy was performed. Thereafter, intracranial pressure was monitored and reported to be under good control with maintenance of cerebral perfusion pressure. A, Magnetic resonance imaging (MRI), T2 sequence, on postoperative day 1. The brain parenchyma appears symmetric. B, Diffusion-weighted sequence. Note the bright signal in the basal ganglia and temporal and occipital cortex. C, Computed tomography scan on postoperative day 3. Hypodensity has developed in the entire right hemisphere with progressive swelling. D, MRI, diffusion sequence, 1 week postoperatively. Bright signal has developed in the entire hemisphere as well as in the contralateral basal ganglia. E, Magnetic resonance angiogram. All arteries appear patent. F, MRI, fast spin-echo T2-weighted sequence, 2 months postinjury. Widespread damage to the right hemisphere is apparent. The patient developed persistent hemiparesis and hemianopsia. Reprinted with permission from Progress In Brain Research, volume 161, Duhaime AC, Durham S, Traumatic brain injury in infants: the phenomenon of subdural hemorrhage with hemispheric hypodensity ("Big Black Brain"), pages 293-302, copyright 2007, with permission from Elsevier. 27 requirement to closely regulate carbon dioxide necessitates using a properly sized pediatric endotracheal tube. A pediatric cuffed endotracheal tube can be used with minimal air inside the cuff plus routine intracuff pressure checks. 35 ICP monitoring is indicated in all infants and children with TBI and GCS score of <9, independent of whether the infant has open fontanelles or cranial sutures. The observations that children with moderate AHT (GCS score of 9-11) have poorer outcomes than would be expected based on GCS and compared with children with nonintentional TBI 22 force us to consider whether ICP monitoring should be used in children with AHT and GCS score of ≥9. Importantly, an open fontanel does not protect the infant brain from intracranial hypertension during cerebral swelling. In fact, a study of children with severe TBI (median age: 9.7 years; range: 2 months to 16 years) demonstrated that younger children are at greater risk of intracranial hypertension than are older children with severe TBI. 36 ICP monitors can be placed into the brain parenchyma or ventricle. An extraventricular drain permits cerebrospinal fluid drainage to treat intracranial hypertension. Invasive arterial blood pressure monitoring is crucial for monitoring and maintaining cerebral perfusion pressure (CPP) within a range that supports cerebrovascular autoregulation. CPP is the difference between the mean arterial blood pressure (MAP) and ICP (or central venous pressure if it exceeds the ICP). Several factors, including hypovolemia, hemorrhage, brainstem injury, and pulmonary injury from neurogenic pulmonary edema or aspiration, can cause significant hemodynamic instability.
Titrating hemodynamic goals and other treatments based on the neurologic examination are not possible during general anesthesia. The pediatric TBI treatment guidelines provide level III recommendations that clinicians should maintain a patient's ICP at <20 mm Hg and CPP >40 to 50 mm Hg. The target CPP might need to be increased for older children and adolescents. 32, 34, 37 Having a higher ICP and lower CPP during the first 6 hours after injury is associated with worse neurologic outcome in pediatric TBI. 37 Although ICP and CPP are inherently connected, both ICPdirected and CPP-directed goals must be met concurrently. For example, it is not enough to maintain CPP by increasing MAP alone. Rather, treatment to decrease the ICP must be implemented as well. Intracranial compliance is lower when ICP is elevated. So any further increase in intracranial volume, such as from bleeding or vasodilation from hypercapnia, pain, or seizures, would significantly raise the ICP and risk cerebral herniation. Raising the MAP to accommodate intracranial hypertension increases myocardial oxygen demand and risks cardiovascular compromise. High doses of vasopressors can also reduce splanchnic blood flow. Because high ICP shifts the blood pressure lower limit of autoregulation to a higher pressure, 38 decreasing the ICP would better support autoregulatory function at the same level of CPP. In a study of severe pediatric TBI that included 30% of cases with AHT, children with poor blood pressure cerebrovascular autoregulatory function were less likely to survive than those with better autoregulatory function. Age was similar among survivors (mean, 7.2 years; SD, 5.0) and nonsurvivors (mean, 3.3 years; SD, 3.6). 39 Therefore, the anesthesiologist should use ICP-and CPP-guided treatments in the context of the autoregulation curve.
Because outcomes after AHT are worse than those after nonintentional TBI when the injuries are of similar severity based on GCS score, 8 it can be reasonably argued that ICPdirected therapies should be more aggressive for children with AHT. Neural cell death from hypoxia-ischemia if the child suffered respiratory insufficiency or cardiac arrest, recurrent brain injuries from repeated abuse, evolution of secondary brain injury from a delay in seeking medical care, and young age may make the intracranial hypertension more complex to treat than in nonintentional TBI. Although research is needed to clarify ICP treatment thresholds in AHT, the anesthesiologist could consider instituting medical therapies to maintain ICP ≤15 mm Hg. However, whether keeping ICP <15 mm Hg will improve neurologic outcomes after AHT has not been well studied.
Several options are available to treat intracranial hypertension. Maintaining a deep plane of anesthesia to minimize the response to painful stimuli is critical while preventing hypotension. Hypertonic saline 3% is the preferred hyperosmolar therapy for intracranial hypertension in pediatric TBI. 34 The risks and benefits of hypertonic saline for AHT are unclear. The pediatric TBI guidelines cite 2 class II studies to formulate the recommendation for hypertonic saline: 1 study did not include AHT, and the number of AHT cases was not apparent in the other. [40] [41] [42] One singleinstitution pediatric TBI study with 29% of cases from AHT reported an association between higher cumulative volume of hypertonic saline 3%, greater peak sodium level, and deep vein thrombosis. 43 Barbiturates can decrease the ICP, but they should be used with caution because resultant hemodynamic depression could lower the CPP. Inducing a barbiturate coma with or without decompressive craniectomy or cerebrospinal fluid drainage may be required to treat refractory intracranial hypertension. 44, 45 Barbiturate comas have primarily been reported for accidental TBI and not specifically for AHT. In 1 retrospective study of severe pediatric TBI with refractory intracranial hypertension, 45 pentobarbital administered to achieve electrographic burst suppression decreased the ICP to <20 mm Hg in some cases. Children with resolution of the intracranial hypertension by pentobarbital were older (median age, 10.7 years; interquartile range, 2.7-15.6) than those who had sustained intracranial hypertension despite pentobarbital (median age, 6.4 years; interquartile range, 2.2-11.3). Five children in this study had AHT, and the ICP remained <20 mm Hg with pentobarbital in only one child with AHT. 45 Whether young children with AHT are less responsive to barbiturates for ICP control than children with accidental TBI is not clear.
Decompressive craniectomy must be considered for intracranial hypertension that is refractory to medical treatment and in patients with neurologic deterioration or signs of brain herniation. 32 The evidence supporting decompressive craniectomy in pediatric TBI is primarily limited to single-institution studies and case series. Randomized controlled trials of decompressive craniectomy are inherently difficult to conduct in pediatric TBI. 46 Moreover, outcomes after craniectomy may differ by TBI mechanism. In a study of 37 children with decompressive craniectomy for intracranial hypertension after TBI, children with AHT were more likely to die or have a poor outcome than those with noninflicted TBI. Children with AHT were younger (mean age, 2.2 years; SD, 1.0) than children with noninflicted TBI (mean age, 8.4 years; SD, 1.8). 47 Therefore, decompressive craniectomy for AHT requires further study. When this surgical intervention is used, it should perhaps be done earlier or at lower ICP thresholds than what is generally considered for accidental TBI.
The anesthesiologist can consider moderate hypothermia to a core temperature of 32 to 33°C beginning within 8 hours after brain injury and for up to 48-hour duration to relieve intracranial hypertension. 34 Therapeutic hypothermia after pediatric brain injury has been most extensively studied in neonatal hypoxic ischemic encephalopathy 48 and pediatric cardiac arrest. 49 The safety profile of hypothermia after TBI remains controversial. An international, multicenter study 50 randomized 225 children with severe TBI to receive either 24 hours of hypothermia (goal 32.5°C) or normothermia. The mean ages of children randomized to hypothermia or normothermia were 9.8 years (SD, 4.9) and 10.2 years (SD, 4.8), respectively. Hypothermia was induced within 8 hours of injury. Hypothermic children had lower arterial blood pressures and required more vasoactive medications, particularly during rewarming, than did normothermic children. Normothermic children required more hypertonic saline to control the ICP. Of note, CPP was lower in the hypothermic group during rewarming when compared with the normothermic group. The risk of a poor neurologic outcome at 6 months was greater in children who received hypothermia. There was also a trend toward higher mortality rate in the hypothermia group compared with that of the normothermia group with a P value of 0.06. The use of hyperventilation to Paco 2 <30 mm Hg in >40% of children in the normothermic and hypothermic groups made the data somewhat difficult to interpret. Nonetheless, this study resulted in the recommendation to avoid short durations of hypothermia for only 24 hours after TBI. 32, 50 A separate multicenter, randomized controlled trial examined 55 children with severe TBI. After randomization to either 72 hours of hypothermia (goal 32-33°C) or normothermia, the hypothermic (mean age, 11.0 years; range, 6.9-14.2) and normothermic (mean age, 9.5; range, 5.2-13.8) children had similar neurologic outcomes at 12 months. 51 Thus, although the option for therapeutic hypothermia remains in the pediatric TBI guidelines, 32 this practice remains controversial.
TBI from AHT deserves special discussion when considering therapeutic hypothermia. AHT can incorporate aspects of both TBI and hypoxic-ischemic injury from cardiac arrest, respiratory insufficiency, or delay in obtaining medical care. In addition, the older age of children in the hypothermia and TBI trials 50,51 may make these studies less relevant to young AHT victims. Therapeutic hypothermia has become the standard of care for neonatal hypoxic-ischemic encephalopathy at many hospitals worldwide given its association with improved neurocognitive outcomes when compared with normothermia after an ischemic birth injury. 52 However, the out-of-hospital cardiac arrest arm of the Therapeutic Hypothermia After Pediatric Cardiac Arrest trial did not show a difference in neurocognitive outcome between children randomized to postarrest hypothermia or normothermia. 49 The results of the in-hospital cardiac arrest arm of the Therapeutic Hypothermia After Pediatric Cardiac Arrest trial (www.thapca.org) were still pending at the time of writing this article. Given the poorer outcomes of AHT relative to nonintentional TBI of similar severity based on GCS score, 8 clinicians could consider inducing therapeutic hypothermia in infants with AHT. There is little research in the use of therapeutic hypothermia specifically for AHT, but this topic warrants further study given the limited treatment options available for AHT.
The young age of many AHT victims must be considered during anesthesia. For example, young children have less cerebral autoregulatory reserve than do older children. In a study of 22 children younger than 2 years and with severe TBI, including 82% with AHT, more episodic decreases in CPP <45 mm Hg during the first 7 days after injury were associated with worse neurologic outcomes. 53 Relatively little is known about the blood pressure lower limit of autoregulation during general anesthesia in children. Available data suggest that the lower limit of autoregulation is similar among healthy, American Society of Anesthesiologists physical status I children of different ages without brain injury and may be at an MAP of approximately 50 to 65 mm Hg. 54 However, based on data from animal models, increases in ICP with or without acute trauma shift the lower limit of autoregulation to a higher CPP. 38, 55 It can be reasonably assumed that increases in ICP raise the lower limit of autoregulation after AHT in clinical situations, as well. The combination of elevated ICP with a concomitant decrease in CPP and increase in the lower limit of autoregulation after AHT place young, anesthetized children at significant risk of dysregulated cerebral blood flow, hypoperfusion, and ischemia. Whether general anesthesia provides some level of protection by decreasing the cerebral metabolic rate remains unclear. Moreover, moderate hypothermia may also affect the limits of autoregulation after brain injury. 56 The specific vasopressor chosen to support CPP often depends upon institutional protocols and clinician preference. The current pediatric treatment guidelines from 2012 recommend maintaining CPP >40 mm Hg, noting that an age-related continuum for the optimal CPP is between 40 and 65 mm Hg. CPP is often maintained within these levels by using vasopressors to increase CPP and optimize cerebral blood flow. However, vasoactive agents clinically used to elevate MAP after TBI, such as phenylephrine, dopamine, and norepinephrine, [57] [58] [59] [60] [61] [62] have not been sufficiently compared regarding their effects on CPP, cerebral blood flow, autoregulation, and survival after TBI. A retrospective study at a single institution reported similar MAP and CPP levels in children with TBI who received dopamine, phenylephrine, or norepinephrine. 63 Currently, clinical vasopressor use is variable and empiric.
Since ethical considerations constrain mechanistic studies in children with TBI, an established porcine model of fluid percussion injury that mimics TBI has been used to corroborate clinical observations regarding cerebral autoregulation after TBI. 64 Newborn and juvenile pigs may approximate the human infant-to-child (6 months to 2 years) and preteen (8 to 10 years) age ranges, respectively. 65 Marked sex differences with respect to the impact of vasopressor use on cerebral hemodynamics have been demonstrated with the piglet fluid percussion model. Phenylephrine protected autoregulation in newborn female piglets but aggravated cerebrovascular dysregulation in newborn male piglets after brain injury. 66 Subsequent studies showed that vasoactive agents may enhance the impairment of cerebral autoregulation (phenylephrine), 66 protect from impairment (dopamine), 67 or have no effect on cerebral autoregulatory function (norepinephrine) 68 in newborn male piglets after TBI. Dopamine, however, improved outcome after TBI equally in newborn male and female piglets. 67 On the basis of these preclinical data, it is tempting to speculate that dopamine might improve neuroprotection after TBI independent of gender. However, additional clinical studies on the relationships between gender, type of vasopressor, and outcome after pediatric TBI and AHT are needed.
In addition to ICP monitoring, measuring the partial pressure of brain tissue oxygen should be considered, with a goal of maintaining the oxygen tension at ≥10 mm Hg. 32, 34 Invasively measuring brain tissue oxygenation in infants with incompletely ossified craniums may be challenging, however, because the monitoring device could fracture the skull. Noninvasive technology for measuring cerebral oxygenation, such as near-infrared spectroscopy, has not been thoroughly tested in AHT.
Seizures are common after AHT, and they must be diagnosed and treated early. One study of >400 children with AHT, including 95% younger than 1 year, reported that >70% had clinical seizures. Seizures and abnormal electroencephalography recordings were associated with poor neurologic outcomes, including persistent motor or sensory deficits and psychomotor delay. Some children died with refractory status epilepticus or associated intracranial hypertension. 69 Prophylactic antiseizure medications can be considered to prevent early posttraumatic seizures, but they should not be used to prevent late posttraumatic seizures. 34 The choice of anesthetic regimen is at the discretion of the anesthesiologist. Although some evidence from animal models indicates that an IV technique with opiates and benzodiazepines may preserve cerebral blood flow autoregulation better than inhaled techniques with volatile agents, 70 clinical research comparing IV to inhaled anesthesia in pediatric TBI has been inadequate to make a recommendation. Most IV induction agents, including etomidate, propofol, and barbiturates, decrease the cerebral metabolic rate and oxygen demand and induce cerebral vasoconstriction, thereby lowering the ICP. Etomidate has the benefit of maintaining MAP and therefore not reducing CPP, whereas bolus doses of propofol and barbiturate can cause significant hypotension that must be treated immediately. However, the future risk of adrenal suppression with etomidate must be considered. Ketamine is gaining in popularity for the treatment of pediatric TBI, especially during the induction of anesthesia and intubation. Ketamine does not increase the ICP, and in some situations, it may decrease ICP while supporting the CPP in TBI patients. 71 Investigations into preventing secondary neurologic injury with pharmacologic agents, including N-methyl-d-aspartate receptor antagonists, have not yet demonstrated a neuroprotective effect after TBI, but clinical trials continue. 72 A rapid sequence induction is indicated for patients with a full stomach. Concerns about fasciculations from succinylcholine with a slight increase in ICP 73 must be weighed against the risk of aspiration with a significant and potentially catastrophic increase in ICP.
Intraoperative hyperglycemia is common among children with TBI. Although some studies report an association between hyperglycemia and poor outcomes after pediatric TBI, 74,75 the quality of evidence was insufficient to make recommendations regarding glycemic control in the pediatric TBI guidelines. Corticosteroids are not recommended for pediatric TBI. 32, 34 Multimodal Neuromonitoring and Cerebrovascular Autoregulation
The Brain Trauma Foundation guidelines for the treatment of adult TBI 76 recommend using ancillary monitors of cerebral blood flow and oxygenation to facilitate CPP management. The Neurocritical Care Society and the European Society of Intensive Care Medicine issued a statement supporting multimodality monitoring in patients with acute neurologic disorders. 77 For example, clinicians can use ICP and brain tissue oxygenation levels as surrogate measures of cerebral blood volume and cerebral blood flow/oxygen metabolism, respectively, to assess cerebrovascular autoregulation. Metrics of autoregulatory vasoreactivity and www.anesthesia-analgesia.org
ANEsThEsIA & ANALgEsIA E REVIEW ARTICLE cerebral blood flow autoregulation can be calculated by correlating the ICP or brain tissue oxygenation levels to blood pressure. The pressure reactivity index, for instance, correlates ICP to MAP and determines whether the cerebral vasculature is pressure-reactive (thereby indicating functional autoregulation) or pressure-passive (with impaired autoregulation) across changes in an individual patient's blood pressure. Single-institution studies of the pressure reactivity index and TBI demonstrate that functional autoregulation and maintaining a patient's CPP near the optimal CPP where autoregulation is most robust are associated with better neurologic outcomes in children 39, 78 and adults. 79 Correlating the partial pressure of brain tissue oxygen and CPP to produce an index of cerebral blood flow autoregulation after TBI 80 may also clarify neuroprotective CPP goals.
When invasive intracranial monitoring is not available, calculating autoregulation indices from transcranial Doppler 81 or near-infrared spectroscopy [82] [83] [84] could clarify blood pressure ranges that optimize autoregulation after TBI. These methods are not approved by the Food and Drug Administration for use in children, and they are still being explored for pediatric TBI. Although it can be assumed that preserving autoregulation would improve neurologic outcomes, this has not yet been demonstrated in children using noninvasive neurologic monitors.
Microdialysis is recommended for adults with neurologic injuries with risk of cerebral ischemia, hypoxia, energy failure, and glucose deprivation. Low brain glucose or elevated lactate/pyruvate ratio are associated with poor outcomes, and microdialysis monitoring can assist in titrating blood product transfusions, hypocapnea, and hyperoxia. 77 Although microdialysis measurements remain largely investigational in pediatric TBI, they may show promise in treating AHT. As with many bedside neuromonitors, these techniques are limited by regional brain measurements that may not reflect global cerebral autoregulation and metabolism.
Identifying Other Comorbid Injuries
Children with AHT are at significant risk of injury to other organ systems in addition to the brain. Identifying these injuries can be challenging because the children may have only vague symptoms with nonspecific clinical histories. Anesthesiologists must work closely with surgeons, intensivists, emergency medicine physicians, and other members of their institutional trauma service to conduct a thorough trauma survey. When possible, obtaining a skeletal survey and full body imaging to diagnose nonbrain injuries before neurosurgery would determine whether additional interventions are needed under the same anesthetic as well as alert the anesthesiologist to concomitant injuries. If the child must be emergently taken for neurosurgery, obtaining these scans after surgery and during the same anesthetic if the patient is hemodynamically stable would facilitate clinical care.
In a single-institutional study of 188 children with abusive trauma and median age 1.1 years, 48% had multiple injuries. AHT was the most common, followed by lower extremity fracture, skull fracture, and retinal hemorrhage. 85 The fact that 52% of the children presented with only one injury suggests that an absence of multiple injuries should not reduce the clinician's concern for potential abuse. Moreover, children who come to the hospital injured on multiple occasions must be screened for possible abuse.
Spinal cord injuries require stabilization, particularly during airway management. Infants and young children have cervical ligamentous laxity as well as poor muscle development and control which, when combined with the orientation of the spine to the large head, creates a greater range of motion and higher potential for cervical spinal cord injury than that in adults. 24 Some children with cervical spine injuries will have normal plain radiographs. 86 In a study of 67 children with AHT, 78% had cervical spine ligamentous injuries. 21 Thoracolumbar subdural hemorrhages in the spinal canal were identified in 63% of children aged 0 to 2 years with AHT. 87 Therefore, the anesthesiologist must take special precautions to protect against further spinal injury when managing the airway and positioning the child intraoperatively.
Although AHT remains the most common cause of death, abused children can also experience life-threatening abdominal injuries. 88, 89 Less than 10% of child abuse cases involve serious intraabdominal injuries. 85, 90 Nonetheless, all children with suspected abuse must be screened for abdominal injuries because even the most severe injuries can be difficult to diagnose. More than half of children with abdominal injuries will not have abdominal bruising, tenderness, distension, or abnormal bowel sounds. 90, 91 Abdominal trauma can include small bowel perforations or transections and hepatic, splenic, pancreatic, renal, bladder, gastric, or adrenal injuries. The duodenum is the most commonly injured section of bowel, and a posttraumatic hematoma or stricture can present as a bowel obstruction. Cardiovascular, pulmonary, esophageal, or pharyngeal injury may also occur. 91, 92 Bone fractures from abuse stereotypically involve the long bones, but fractures can occur anywhere in the body. Fractures from acute or chronic abuse may have subtle radiographic findings that require interpretation by an experienced radiologist. For example, faint fracture fragments may arise from the metaphysis, the growth plates may show subtle irregularities, and there may be signs of subperiosteal new bone formation. 93 
Controversy in "Diagnosing" Child Abuse
Debates within the general public, legal, and medical communities have questioned the diagnostic accuracy of retinal and subdural hemorrhages for AHT. Attorneys in child abuse cases have argued that subdural hematomas are caused by birth injuries, hypoxia, cerebral venous thrombosis, and preexisting medical conditions rather than abuse. Retinal hemorrhages have been blamed on chest compressions and other resuscitation efforts in court cases. Physicians have been accused in court of being "rushed to judgment" in diagnosing AHT. 94, 95 Despite strong evidence that retinal hemorrhages are associated with abuse, 15, 96 some have even argued that vaccinations cause retinal hemorrhage. This myth was debunked in a retrospective cohort study. 97 Retinal hemorrhages are rare in infants and children after the neonatal period. 96 Subdural and intraocular or retinal hemorrhages can occur in accidental TBI, such as cranial crush injury, 98 motor vehicle crash, 99 or falls. 100, 101 But these cases should have clear histories to explain the accidental trauma, near-immediate presentation of the child for emergency medical care, and coexisting injuries that corroborate the accidental trauma. Rare metabolic disorders that are associated with subdural hemorrhages, such as glutaric aciduria type 1, are diagnosed by characteristic neurologic lesions, urine abnormalities, and other screening tests. 102 Some clinicians may worry that clinical findings suspicious for child abuse may actually be manifestations of a medical disease, such as Ehlers-Danlos syndrome, 103 Kasabach-Merritt syndrome, 104 coagulopathy, 105 infection, 106 nonintentional brain trauma, 107 or cardiopulmonary resuscitation. 12 The anesthesiologist must suspect abuse when a clear history for accidental trauma or comorbid disease is missing, inconsistent histories are provided by the caregivers, there is a delay in seeking medical care, or the constellation of injuries cannot be easily explained. The anesthesiologist must immediately and thoroughly document clinical findings. Skin lesions and other injuries evolve and fade with time. Clinicians must keep child abuse in the differential diagnosis and alert the child protection team or other authorities while awaiting the results of diagnostic tests.
Reporting Suspected Child Abuse
All clinicians have the ethical and legal responsibility to report suspected child abuse. The consequences of not reporting can be fatal. As long as the report is made in good faith, physicians are protected by law from potential ramifications of the report. 108 Many medical institutions have child protection service teams, social services staff, or other personnel who can assist physicians in making a report to Child Protective Services or another investigative body. The process for filing a report differs in each state. Anesthesiologists must work with surgeons, intensivists, and other members of the clinical team to identify and report suspected cases of abuse. It is the responsibility of each physician to ensure that a report is made. It is not the physician's responsibility to attempt to identify the perpetrator; only medical facts should be provided. Medical information should be stated in simple terminology that a person without a medical background can understand. For example, use the terms "bruise" and "bleeding" rather than "ecchymosis" and "hemorrhage/ hematoma." Social workers and other personnel can assist the medical team in making the child's guardians aware of the report and in maintaining a positive doctor-patientfamily relationship. Reporting suspected abuse could save a child's life and protect other children in the same home and social environment. 108 
CONCLUSIONS
AHT involves complex injury mechanisms that distinguish it from nonintentional TBI. The developing brain of the young child is highly vulnerable to injury from abuse, which may partially explain the high mortality rates and poor neurologic outcomes observed in children with AHT. 22 The anesthesiologist plays a critical role in caring for children with AHT and must be well versed in the current pediatric TBI treatment guidelines. 32 Given the distinct injury mechanisms and poor neurologic prognoses for AHT, studies to investigate whether AHT should be treated differently than nonintentional TBI are needed. E
